ABSTRACT The paper aimed to study the effects of lighting pattern and photoperiod alone and in combination on egg production, egg quality in Beijing You Chicken (BYC). A total of 630 19-wk-old BYC laying hens were randomly allocated to 6 groups with 105 birds each, 3 replicates per group, reared in individually lit floor pens with separate outdoor areas. A 2 × 3 factorial experiment (2 lighting patterns: continuous and intermittent lighting; 3 photoperiods: 16, 14, 12 h) was arranged, including 16L:8D (6:00 to 22:00) for group 1; 12L:2D:4L:6D (6:00 to 18:00, 20:00 to 24:00) for group 2; 14L:10D (6:00 to 20:00) for group 3; 10L:2D:4L:8D (6:00 to 16:00, 18:00 to 22:00) for group 4; 12L:12D (6:00 to 18:00) for group 5, and 8L:4D:4L:8D (6:00 to 14:00, 18:00 to 22:00) for group 6, respectively. Egg production parameters were calculated for 22 to 43, 44 to 57, and 22 to 57 wk, and egg quality parameters were measured at the end of 37 and 57 wk. The results showed that the egg production of BYC was not significantly affected by lighting pattern, photoperiod alone, or in combination during 22 to 43 and 22 to 57 wk (P > 0.05), but average feed intake in 12 h groups was significantly higher than those in 14 and 16 h groups during 22 to 43 and 22 to 57 wk (P < 0.05). Egg mass and feed egg ratio were significantly affected by lighting pattern, photoperiod alone, and in combination during 44 to 57 wk (P < 0.05). Egg mass was significantly higher (P = 0.05) and feed egg ratio was significantly lower (P = 0.03) in continuous groups than in intermittent groups. There were significant effects for eggshell thickness, albumen height, haugh unit, and egg grade by lighting pattern alone (P < 0.05) at 37 wk. The study suggested that 1) the egg production was not significantly affected by lighting pattern alone during 22 to 57 wk (P > 0.05), but the photoperiod significantly affected average feed intake (P < 0.05); 2) continuous lighting is better for the egg production during 44 to 57 wk, and intermittent lighting is better for egg quality of the native bird at 37 wk; 3) 12 h lighting is enough for meeting the requirement of the native chicken during the laying period; (4) no change in photoperiod from the rearing to the production phase (12 to 12 L) will have long-lasting effects on egg production or egg quality under the present condition.
INTRODUCTION
In recent years, people have paid more attention to the egg quality, which is related to various external and internal qualities that are measured in eggs (Koelkebeck 1999 ). Egg quality is important to the egg industry worldwide. Factors affecting egg quality include strain, age, nutritional factors, stress, production system, etc. (Juliet 2004) . There are clear differences in eggshell quality between modern commercial birds and traditional laying fowl (Hocking et al., 2003) , and external quality such as egg shape, egg weight, etc. (Zhang et al., 2009) .
Beijing You Chicken (BYC), a dual-purpose native chicken used for meat and egg production in Beijing C 2018 Poultry Science Association Inc. Received October 22, 2017. 1 Corresponding author: ailiangengcau@126.com district, is well known for its characteristic appearance (having crest, beard, shank feathers, and 5-toes) and high quality of meat and egg (Liu and Xu 2001) was listed as one of the most important chicken breeds by Ministry of Agriculture, China (National Livestock and Poultry Genetic Resources Committee 2017). A lot of companies and farms emerged that are especially engaged in rearing BYC and most farms are adapted to the free range system by using the orchard, hillside, and woods where the birds go outside for food and activities at daytime, and go back into the house to rest at night. Usually the male chicken will be sold out as meat-type chicken during 90 to 120 d, and the female will be reared as egg-laying hens.
Compared with modern high-producing strains such as Hy-Line Brown, Lohmann Brown, etc., BYC has a lower egg output (150 to 170 eggs per year) but still are reared under a similar lighting schedule, e.g., continuous 16 h lighting during the egg-laying period. Shen et al. (2011) studied the effects of 4 kinds of lighting treatments (16L:8D,6:00 to 22:00; 12L:2D:4L:6D, 6:00 to 18:00, 20:00 to 24:00; 8L:4D:4L:8D, 8:00 to 16:00, 20:00 to 24:00; 16L:8D, 3:00 to 19:00) on the performance of BYC laying hens, and found that the intermittent 12 h lighting (8L:4D:4L:8D) had beneficial effects on the performance for the pre-laying and peak laying period. Tang et al. (2012) compared the effects of different lighting program on the performance of growing BYC (8 to 90 d of age), and found that the weight gain of the bird in continuous 16 h group (16L:8D) was better than in intermittent 18 h group (3L:1D). Our group adopted 6 kinds of photoperiodic treatments to study the egg laying of BYC during 20 to 61wk, and found that the egg-laying rate was significantly higher in intermittent 16 h group than in continuous 16 h group (Geng et al., 2014) .
Based on above, the present study aimed to study the effects of lighting pattern and photoperiod alone and in combination on egg production, egg quality of BYC under free-range condition, and provide some references for the appropriate lighting management of the bird.
MATERIALS AND METHODS

Experimental Design and Birds
The experiment was conducted at BYC Breeding Farm, Daxing district, Beijing. Six hundred and thirty 19-wk-old commercial BYC laying hens having the same genetic origin were moved from the rearing room (keeping natural photoperiod 11 to 12 h) and randomly allocated to 6 experimental groups, 105 birds every group with 3 replicates, 35 birds per replicate (pen) under free-range condition. The birds were reared in individually lit floor pens with separate outdoor areas. The indoor density was about 6.8 birds/m 2 , and outdoor density was about 1.9 birds/m 2 . Nest boxes, perches, and rice husk litters were equipped in each pen.
A 2 × 3 factorial experiment was arranged (2 lighting patterns: continuous and intermittent lighting; 3 photoperiods: 16, 14, 12 h), including 16L:8D (6:00 to 22:00) for group 1; 12L:2D:4L:6D (6:00 to 18:00. 20:00 to 24:00) for group 2; 14L:10D (6:00 to 20:00) for group 3; 10L:2D:4L:8D (6:00 to 16:00,18:00 to 22:00) for group 4; 12L:12D (6:00 to 18:00) for group 5; and 8L:4D:4L:8D (6:00 to 14:00,18:00 to 22:00) for group 6, respectively (see Table 1 ). In order to keep the same ranging time for the birds, the groups adopted the arrangement below: lights at 6:00 in the morning every day, birds fed 6:00 to 8:00, birds range freely 8:00 to 14:00, and return to their pens at 14:00 when the second feeding time begins. Special light-proof cloth and the light controller were used in each pen.
The birds were fed commercial corn-soybean-based diets with 15.1% crude protein (CP), 11.20 MJ/kg metabolizable energy (ME), and 2.0% calcium during 19 to 21 wk, and with 15.5% CP, 11.08 MJ/kg ME, and 2.75% calcium during 22 to 57 wk. The incandescent lamps were used, and the bulbs were 2 m off the ground, and average light intensity was 10 lux. Appropriate temperature and moisture were manipulated. Under severe weather conditions such as thundering and haze days, the birds were confined inside the pen to reduce the stress.
The study was performed in accordance with local ethical guidelines and met the requirement of the institutional animal care and use committee.
Measurement and Methods
Feed intake, egg numbers, and egg weight of each pen were recorded every day, and weekly average feed intake (AFI), egg-laying rate, egg mass (EM), feed egg ratio (FER), and mortality rate for each group were calculated for 22 to 43, 44 to 57, and 22 to 57 wk, and egg quality parameters at the end of 37 and 57 wk were measured and calculated, respectively.
A total of 10 fresh eggs were randomly chosen from each replicate, totaled 30 eggs for each group. Egg weight (EW), haugh unit (HU), albumen height (AH), yolk color (YC), egg grade (EG), eggshell strength (ESS), eggshell thickness (EST), eggshell color (ESC), egg shape index (ESI), relative yolk weight (RYW), relative eggshell weight (RESW), and relative albumen weight (RAW) were measured and calculated within 24 h. Egg weight, AH, HU, YC, and EG were measured by using the Egg Multi Tester (Model EMT-7300, Robotmation Co., Ltd, Japan), Egg grade included AA, A, B, and C, represented as score of 3, 2, 1, and 0, respectively. Eggshell color was measured by using the TSS OCR-PS (Technical Services and Supplies, England). Eggshell thickness was measured by using the Echo-meter (Model ETG-1061A, Karl Deutsch, Germany). Egg shape index was measured by using Egg Shape Index Tester (FHK, Fujihira Industry Co., Ltd, Japan), Eggshell strength was measured by using the Egg Force Reader (Orka Food Technology Ltd., Israel). Lastly, yolk and albumen were separated by egg separator and each was weighed, and the RYW, RAW, and RESW were calculated accordingly.
Statistical Analyses
The data were analyzed statistically using SPSS 16.0 Software for Windows (SPSS Inc. Chicago, IL). General linear model was used to analyze the main effects of lighting pattern and photoperiod alone, and the combination between lighting pattern and photoperiod. Duncan's test was used for multiple comparisons. The percentage was arcsine transformed before analysis. P < 0.05 was regarded as statistically significant. Table 2 shows that egg production during 22 to 43 wk was not significantly affected by lighting pattern alone Values with different letter superscripts in the same column mean significant difference (P < 0.05). AFI = average feed intake; FER = feed egg ratio.
RESULTS
(P > 0.05). Egg-laying rate, EM, FER, and mortality rate were not significantly affected by photoperiod alone (P > 0.05), but AFI of 12 h was significantly higher than those in 14 and 16 h groups (P = 0.01). There were no significant effects on egg production of the native birds for the combination of lighting pattern and photoperiod during 22 to 43 wk (P > 0.05). Table 3 shows that AFI, egg-laying rate, and mortality rate were not significantly affected by lighting pattern, photoperiod alone, or in combination during 44 to 57 wk (P > 0.05), but EM and FER were significantly affected by lighting pattern, photoperiod alone, and in combination (P < 0.05). Egg mass was significantly higher (2.97 > 2.87 kg, P = 0.05) and FER was significantly lower (3.64 < 3.78, P = 0.03) in continuous groups than in intermittent groups. Egg mass was significantly higher (P = 0.02) and FER was significantly lower (P = 0.02) in 16 and 12 h groups than in 14 h groups. Egg mass was significantly higher (P = 0.04) and FER was significantly lower (P = 0.02) in continuous 16 h and continuous 12 h groups than those in continuous 14 h, intermittent 14 h, and intermittent 12 h groups. Table 4 shows that the egg production during 22 to 57 wk was not significantly affected by lighting pattern alone (P > 0.05). Egg-laying rate, EM, FER, and mortality rate were not significantly affected by photoperiod alone (P > 0.05), but AFI was significantly higher in 12 h than those in 14 and 16 h groups (P = 0.01). There were no significant effects on the egg production for the combination of lighting pattern and photoperiod during 22 to 57 wk (P > 0.05). Table 5 shows that there were significant effects on EST, AH, HU, and EG by the lighting pattern alone (P < 0.05) at 37 wk. Eggshell thickness, AH, HU, and EG in continuous groups were significantly lower than those in intermittent groups (P = 0.01, P = 0.04, P = 0.05, and P = 0.03). Egg weight and AH were significantly affected by photoperiod alone (P < 0.05). Egg weight and AH in 12 h groups were significantly higher than those in 16 and 14 h groups (P = 0.02 and P = 0.01). There were no significant effects on the egg quality for the combination of lighting pattern and photoperiod at 37 wk (P > 0.05). Table 6 shows that there were no significant effects on most of egg quality parameters by lighting pattern, photoperiod alone, and in combination at 57 wk (P > 0.05), except for RAW. Relative albumen weight in 12 h groups was significantly lower than those in 16 and 14 h groups (P = 0.02). Egg weight and AH in 12 h groups were higher than those in 16 and 14 h groups, close to the significant level (P = 0.07 and P = 0.09). Values with different letter superscripts in the same column mean significant difference (P < 0.05). AFI = average feed intake; FER = feed egg ratio.
DISCUSSION
Lighting had important effects on growth and development, performance, and healthy condition in poultry (Zhang 2008) . There has been a lot of research about the effects of intermittent lighting on performance of birds (Rowland 1985) , but mostly concentrating on commercial high-producing poultry, not on traditional or native chicken. Freitas et al. (2005) compared a kind of intermittent lighting, natural gradual increasing light, and a kind of continuous lighting, and found that the intermittent lighting and natural gradual increasing lighting did not affect the egg production of the layers in open house. Leeson et al. (2005) compared the effects of various step-down lighting regimens in the rearing period on rearing and laying performance in commercial laying pullets, and found that step-down lighting had no significant improvement in egg numbers, egg mass, etc. Gewehr and Freitas (2007) showed that Values with different letter superscripts in the same column mean significant difference (P < 0.05). EW = egg weight; ESS = eggshell strength; EST = eggshell thickness; ESC = eggshell color; AH = albumen height; HU = Haugh unit; YC = yolk color; EG = egg grade; ESI = egg shape index; RYW = relative yolk weight; RESW = relative eggshell weight; RAW = relative albumen weight. Table 6 . Effects of lighting pattern and photoperiod on egg quality of BYC at 57 wk (n = 30). Values with different letter superscripts in the same column mean significant difference (P < 0.05).
EW = egg weight; ESS = eggshell strength; EST = eggshell thickness; ESC = eggshell color; AH = albumen height; HU = Haugh unit; YC = yolk color; EG = egg grade; ESI = egg shape index; RYW = relative yolk weight; RESW = relative eggshell weight; RAW = relative albumen weight.
intermittent lighting did not affect the performance and could be an alternative way of lighting for the layers. Effects of photoperiod on birds mainly reflect in establishment of circadian rhythm (Dawson et al., 2001) and regulation of prolactin concentration (Johnston 2004) . In this present study, 2 lighting patterns (continuous and intermittent lighting) and 3 photoperiods (16, 14, 12 h) were arranged to study the effects of lighting pattern, photoperiod alone, and in combination on egg production of BYC, and found that egglaying rate, EM, and FER during 22 to 43 and 22 to 57 wk were not significantly affected by lighting pattern alone (P > 0.05), which supported the above that intermittent lighting did not affect the egg production of laying hens, but AFI in 12 h groups was significantly higher than those in 14 and 16 h groups (P < 0.05). Ma et al. (2011) studied the effects of photoperiod on feeding duration and feed intake of BYC, and found that the shorter the photoperiod, the longer the feeding duration and feed intake of the birds, whereas Lewis et al. (2007) reported that the feed intake in the laying period was not significantly affected by the rearing photoperiod for Lohmann Brown. The higher AFI here may be due to the birds having the capability of perceiving day-length and adjusting feed intake, which needs further research.
Egg mass and FER are important indicators of egg production. During 44 to 57 wk, EM was significantly higher (2.97 > 2.87, P = 0.05) and FER was significantly lower (3.64 < 3.78, P = 0.03) in continuous groups than in intermittent groups, which suggested that continuous lighting was better for the egg production in late laying period of the bird.
The mortality rate of the birds during 22 to 43, 44 to 57, and 22 to 57 wk were not significantly affected by the lighting pattern, photoperiod alone, and in combination, which was partly in agreement with Lewis et al. (2007) who reported that mortality of the layers during laying phases was unaffected by the photoperiod, whereas properly designed intermittent lighting (8L:6D:2L:8D) could reduce mortality of Japanese quail (Zahoor et al., 2011) .
Photoperiod affected the egg weight, yolk ratio, and eggshell thickness (Lewis and Morris 2006) , and also the sexual maturation of the layers . Pan et al. (2007) reported that both light increasing ways and photoperiod affected the egg quality of Hy-Line Brown layers, and this effect may be through affecting the oviduct shape and further influencing on egg quality (Wang et al., 2009) . Shen et al. (2012) compared two continuous lighting and two intermittent lighting on egg quality of BYC at 28, 38, and 48 wk of age, and found that the EW and RYW were 1.63% and 8.91% higher in intermittent 12 h group than in continuous 16 h group, respectively. In this study there were no significant effects on most of egg quality parameters by lighting pattern, photoperiod alone, and in combination at 57 wk (P > 0.05), but RAW in 12 h groups was significantly lower than those in 16 and 14 h groups (P = 0.02). Zhang et al. (2009) compared the egg quality between BYC and Lohmann Pink when their egg-laying rate reached 50%, and found that there were significant differences in most of parameters including EW, ESC, ESS, EST, AH, HU, YC, etc., except RESW, which indicated that the breed is an important factor affecting egg quality. Here this present study indicated that there had significant effects on EST, AH, HU, and EG by the lighting pattern alone (P < 0.05) at 37 wk of age. Eggshell thickness, AH, HU, and EG in continuous lighting groups were significantly lower than those in intermittent lighting groups (P < 0.05). Albumen height and HU are important parameters reflecting the egg freshness and albumen quality, eggshell thickness is related with the shelf life of eggs, egg grade reflects the freshness of eggs, so higher EST, AH, HU and EG in intermittent lighting groups indicates better egg quality, which may be related to less egg production during 44 to 57 wk. Jácome et al. (2014) studied that commercial layers in Brazil are photo-stimulated with more than 12 h of light, and suggested the lighting programs influenced egg production, but not egg quality indices. In this study, EW in 12 h groups was significantly higher than those in 16 and 14 h groups (P < 0.05), considering higher AFI in 12 h groups above, we suggest 12 h lighting is enough for meeting the requirement of egg production and egg quality of the native chicken.
We previously used 6 photoperiodic treatments to study the egg laying of BYC during 20 to 61 wk (Geng et al. 2014 ), including 16L:8D (0600 to 2200 h), 12L:2D:4L:6D, 8L:4D:4L:8D, 16L:8D (0300 to 1900 h),14L:10D, and 18L:6D, and found that average egg-laying rate of 12L:2D:4L:6D group (62.91%) and 14L:10D (61.74%) were significantly higher than others except 8L:4D:4L:8D group (61.13%), though no change in photoperiod from the rearing to production phase for this group (12 to 12 L). In this present study, we had the same 12 L schedule for groups 5 and 6 (12L:12D and 8L:4D:4L:8D, respectively), and found that 12 L significantly improved the AFI of chicken during 22 to 57 wk, EM during 44 to 57 wk, and decreased RAW at 57 wk, suggesting that no change in photoperiod from rearing to the production phase will have long-lasting effects on egg production or egg quality, the related mechanism needs further research.
CONCLUSION
The present study indicated that 1) the egg production was not significantly affected by lighting pattern alone during 22 to 57 wk (P > 0.05), but the photoperiod significantly affected AFI (P < 0.05); 2) continuous lighting is better for the egg production during 44 to 57 wk, and intermittent lighting is better for egg quality of the native bird at 37 wk; 3) 12 h lighting is enough for meeting the requirement of the native chicken during the laying period; 4) no change in photoperiod from the rearing to the production phase (12 to 12 L) will have long-lasting effects on egg production or egg quality under the present condition.
